Background: Physical activity recall (PAR) reliability was estimated in a threesite sample of African American and white adults. The sample was sedentary at baseline and more varied in physical activity 24 months later. Intraclass correlation coeffi cients (ICCs) were used to estimate the number of PAR assessments necessary to obtain a reliability of 0.70 at both timepoints. Methods: The PAR was administered ≤ 30 d apart at baseline (n = 547) and 24 months (n = 648). Energy expenditure ICC was calculated by race, gender, and age. Results: Baseline reliability was low for all groups with 4-16 PARs estimated to attain reliable data. ICCs at 24 months were similar (ICC = 0.54-0.55) for race and age group, with 2-3 PARs estimated to reach acceptable reliability. At 24 months, women were more reliable reporters than men. Conclusion: Low sample variability in activity reduced reliability, highlighting the importance of evaluating diverse groups. Despite evaluating a sample with greater physical activity variability, an estimated 2-3 PARs were necessary to obtain acceptable reliability.
Despite widespread use of the PAR, little is known about its test-retest reliability, particularly in adults of different races and ages. Most PAR reliability studies in adults have been conducted in a primarily white, young adult to middle-age populations, 1, [12] [13] [14] with some exceptions. 15, 16 In studies that have included diverse samples with regard to age, race, or gender, reliability estimates are often not provided for these sub-categories. Reliability estimates can be infl uenced by factors related to the analytic sample, in addition to instrumentation factors. For this reason, applying reliability estimates to groups that substantially differ from the initially studied group may be problematic. Thus, knowledge about the reliability of the PAR in diverse groups is warranted.
To provide for a more informed use of the PAR, the purpose of the present study was to evaluate the test-retest reliability in a biracial group of adults age 35-75 y, participating in the screening portion and/or post-intervention phase of a multi-site trial (the Activity Counseling Trial, ACT). Because test-retest reliability is strongly infl uenced by the variance of the measured behavior in a particular sample, we provide information from the ACT sample at two different time points that differed with respect to physical activity variability. Reliability was estimated at baseline and at the conclusion of a 24-month intervention designed to promote physical activity. Since the PAR measures a behavior (physical activity), the test-retest reliabilities reported here refl ect not only measurement error associated with the instrument itself but also behavioral variability with regard to the subject. Results are presented by race, gender, and age.
Materials and Methods

Subjects
Subjects for this analysis were individuals who participated in the Activity Counseling Trial (ACT). 17 ACT was a multi-site, randomized controlled trial designed to evaluate the effectiveness of interventions to promote physical activity within a primary health care setting. Details of the ACT design and study population have been presented elsewhere. 17, 18 Briefl y, subjects eligible for ACT were community dwelling adults, ages 35-75 y, who were patients in primary health care practices located in the San Francisco Bay area, Dallas, TX, or Memphis, TN. Entrance criteria for ACT included sedentary status (defi ned as an average energy expenditure of ≤ 35 kcal · kg -1 · d -1 ), assessed using the PAR. 19 Those with a history or evidence of coronary heart disease or peripheral vascular disease were excluded. Subjects taking medication for chronic diseases had to have been on a stable dose for 3 months prior to enrollment. Subjects were categorized into the following racial/ ethnic groups: White (70.1%), African American (29.8%), and Other (Hispanic/ Latino, American Indian/Native Alaskan/Aleutian, and Asian, 0.1%). Only white and African American subjects were evaluated for this article due to inadequate sample sizes for the other racial/ethnic groups.
Design and Procedure
Three clinical centers participated in the trial: Stanford University (Palo Alto, CA), the University of Tennessee (Memphis, TN), and the Cooper Institute for Aerobics
Research with the University of Texas Southwestern Medical Center (Dallas, TX). Wake Forest University School of Medicine (Winston-Salem, NC) served as the coordinating center. The National Heart, Lung, and Blood Institute (Bethesda, MD) project offi ce, which sponsored the study, also participated. Human subjects approval was obtained from participating institutions and written informed consent was obtained from all subjects at their respective clinical centers.
The PAR protocol has been described in detail elsewhere. 19 Briefl y, the 7-d PAR is a semi-structured interview designed to estimate the amount of time an individual is engaged in moderate, hard, and very hard activity during the 7 d prior to the interview. "Moderate" intensity activity is activity equivalent to briskly walking (3-4 mph pace), "very hard" intensity activity is defi ned as equivalent to running or jogging, and "hard" intensity activity comprises activity between moderate and very hard intensities. Cue cards that listed examples of moderate, hard, and very hard activities were used during the interview to help subjects with activity classifi cation. These visual aids listed examples of home, occupational, and sports/recreational activities at each intensity level. The subject is asked to recall the hours spent sleeping and the time spent engaging in physical activities in the three activity intensity levels over the past 7 d. The interviewer guides the subject through a day-by-day recall process starting with the most recent day and uses probing questions to determine the intensity and duration of activities. Energy expenditure (kcal · kg
) is estimated from hours spent sleeping and time spent in moderate, hard, and very hard activities, multiplied by an average metabolic equivalent (MET) value. Time spent in "light" activity is estimated by subtracting the time included in sleep, moderate, hard, and very hard from 24 h. At the conclusion of the interview, subjects were asked: "Was this a typical week in terms of your usual pattern of activity or exercise?"
A representative from each clinical site attended a structured, centralized training program. This training program was led by an experienced PAR interviewer who was considered the PAR expert for the study. Upon completion of this training program, site representatives served as local PAR experts. As new staff members were added during the course of the study, interviewer training occurred at the respective clinical centers led by the local PAR expert.
There were four basic components to the initial PAR training program. The fi rst component required attendance at a 4-h training session led by the study-wide PAR expert. During these training sessions, each trainee administered at least three interviews under the supervision of the expert, who provided feedback and guidance. Each trainee was also provided with an ACT PAR manual of procedures that detailed the PAR interview process and scoring procedures. Secondly, trainees viewed an ACT PAR videotape that contained examples of interviews conducted by experienced interviewers. A third component consisted of the trainee reviewing an audiotape that contained example PAR interviews. Trainees were required to score the physical activities as recorded on these tapes, and later they compared their scores to a key. A review of their scoring decisions with the expert provided an opportunity to discuss the decision-making process under a variety of physical activity scenarios. Trainees were also instructed to consult a compendium of physical activities 20 and/or consult with the local or study-wide PAR expert when questions arose regarding the intensity classifi cation of activities. The fi nal training component required trainees to administer two practice PAR interviews while being supervised by the PAR expert. The expert then provided a written and verbal critique of the trainee. Upon satisfactory completion of all four training components, the trainees were "certifi ed" as interviewers who could conduct ACT PAR interviews.
The study-wide PAR expert conducted yearly site visits to determine interviewer compliance with the PAR protocol. The expert completed evaluation summaries and a point-by-point checklist that documented probing skills, calculations, and adherence to PAR scripts. The PAR expert witnessed at least two interviews for evaluation of each interviewer. As new interviewers joined the staff, they were required to mail an audiotaped interview to the study-wide PAR expert for review, upon completion of the local PAR training.
Subjects were interviewed twice at baseline, and twice at 24 months post randomization. Only those subjects with repeat measurements ≤ 30 d apart were included in the analyses used in the current investigation. The time interval between repeat interviews was (mean ± SD) 19 ± 7 and 14 ± 6 d at baseline and 24 months, respectively. Subjects were asked to maintain their customary activity levels for the time period between the fi rst and second PAR interview.
Statistical Analysis
The PAR variable used for reliability computation was estimated energy expenditure (EE) reported in kcal · kg -1 · d -1 . Test-retest reliability for a single administration of the PAR was determined using intraclass correlation coeffi cients (ICC). 21 In addition to separate analyses by time point (baseline and 24 months), we estimated reliabilities separately for two subgroups: a) those subjects who reported that both PAR assessments represented their "typical" pattern of activity; and b) all subjects combined (i.e., included subjects who reported at least 1 PAR week as being "atypical" in terms of activity). Analyses were conducted overall, and by race, gender, and age group (i.e., 35-45 y, 46-55 y, 56-65 y, 66-75 y). A one-way analysis of variance (ANOVA) model was used and the ICC was calculated as:
where MS S is the mean square for subjects, MS E is the mean square error, and k is the number of assessments. Using the one-way ANOVA model, all sources of variation other than that due to between-subject variance were considered error. Thus, the ICC represents the proportion of total variance in PAR measurement (subject variability + measurement error) that is associated with differences among subjects. The ICC calculated in this manner provides an indication of the absolute agreement of the two PAR measures for each time point (baseline and 24 months). An overall, or pooled ICC (ICCp), was reported for each group (e.g., race, gender, age) if Fisherʼs chi-square test for homogeneity within group was not rejected. 22, 23 Calculation of the ICCp was based upon Fisherʼs z transformation. 24 The 95% confi dence intervals (CI) for each ICC were calculated according to Fleiss. 25 An ICC of 0.70 was considered an acceptable level of agreement. 26, 27 The number of PAR interviews required to achieve a reliability of 0.70 was estimated using the Spearman-Brown prophecy formula 28 and calculated as follows:
where k is the number of assessments required, r 11 is the test-retest reliability of the PAR, and r kk is the desired reliability. All statistical analyses were conducted using SAS version 9.1.3 (SAS Institute, Cary, NC). ICCs were calculated using the SAS macro INTRACC (http://ftp.sas.com/techsup/download/stat/intracc.html).
Results
Subjects
Characteristics of the study samples are provided in Table 1 . A total of 547 subjects at baseline, and 648 subjects at 24 months completed repeat PARs ≤ 30 d apart. The baseline cohort consisted of 31% African American, 52% women, and 33% age > 55 y. The 24-month cohort consisted of 23% African American, 44% women, and 29% age > 55 y. The percentage of women was greater at baseline compared to 24 months (X 2 = 7.76, P = 0.005). In both cohorts, a greater proportion of white subjects had earned at least a college degree (60% at baseline; 68% at 24 months), compared to African American subjects (30% at baseline; 28% at 24 months), X 2 = 38.2, P < 0.0001 (baseline); X 2 = 74.5, P < 0.0001 (24 month). Table 2 provides means ± standard deviation for energy expenditure, and ≤ 30-d test-retest reliabilities (95% confi dence intervals) by race, gender, and age for the baseline cohort. Pearson product moment (PPM) correlation coeffi cients have also been included for comparison with ICCs. The estimated reliability for EE was poor, with no distinction by race, gender, or age group, among subjects combined. ICCs ranged from 0.12 for subjects age 56-65 y, to 0.37 for those age 66-75 y. The ICCp was 0.30 regardless of race, gender, or age group. Although somewhat higher, none of the reliability coeffi cients reached 0.70 among subjects who reported that the two administered PARs were "typical" with regard to their usual activity. The ICC was lower for African Americans relative to whites (0.21 vs. 0.45, P = 0.02) and signifi cantly differed among age groups with a lower ICC (0.12) for 56-65 yearolds relative to 35-45 y olds (P = 0.003) and 46-55 year-olds (P = 0.05). Table 3 shows the means ± standard deviation for energy expenditure and 2-3 wk intraclass correlations (95% confi dence intervals) and PPMs by race, gender, and age group for the 24-month cohort. ICCs were generally higher for all subjects combined (those reporting "typical" and "atypical" weeks of activity), compared to similar subjects in the baseline cohort, although none reached an ICC of 0.70. ICCs were similar by race and age group (ICCp = 0.54 and 0.55, respectively). However, women had a signifi cantly higher ICC than men (0.61 vs. 0.49, P = 0.03). In general, ICCs improved modestly for all, with the exception of men, in subjects reporting "typical" activity for the 2 wk evaluated. Within this group, only women reached an acceptable level of reliability with an ICC of 0.80.
Test-Retest Reliability
The number of PAR assessments estimated to achieve a reliability of 0.70 for energy expenditure using the baseline and 24-month data are shown in Table 4 . Separate estimates are given for subjects reporting "typical" activity for the repeat PARs, and for all subjects combined. In general, more assessments were required to achieve acceptable reliability for the baseline cohort compared to the 24-month cohort. Among all baseline subjects, the requisite number of administrations ranged from 4, for 35-45 year-olds, to 16 for those age 56-65 y. With the exception of African Americans and those age 56-75 y, the number of administrations required was modestly reduced among baseline subjects reporting both weeks as "typical" with the estimated number of administrations required to reach a reliability of 0.70 ranging from two to fi ve.
An examination of the 24-month data showed a reduction in the number of estimated PAR interviews required to achieve acceptable reliability compared to the baseline data. The required administrations ranged from two to three for all subjects, and one to three PARs for those reporting both weeks as "typical" activity.
Discussion and Conclusions
The purpose of this study was to determine the ≤ 30-d test-retest reliability of a PAR-derived variable (energy expenditure) in African American and white adults, age 35-75 y, participating in a multi-center physical activity intervention trial. We evaluated reliability with respect to race, gender, and age group. Further, we determined reliability in two groups (baseline and 24 month) that differed with respect to range of energy expenditure values. There was poor reliability (ICC = 0.30) in the baseline group, which was comprised of a relatively smaller range of energy expenditure scores, and reliability did not differ with respect to race, gender, or age. In contrast, reliability improved when estimated in the 24-month group, which was comprised of a greater range of energy expenditure values. The women in this group displayed the highest reliability and were the only subgroup analyzed that achieved an acceptable reliability of 0.80, in the sample reporting both weeks as "typical."
The overall lower reliability observed in the baseline group compared to the 24-month group was likely due to differences in sample variability of the outcome measure. An estimated energy expenditure of ≤ 35 kcal · kg -1 · d -1 was required for study eligibility. Thus, the baseline sample represented a smaller range of scores compared to what one would expect without this restriction and following a physical activity intervention. With lower variability, one would expect lower reliability. 29 As a consequence, the number of PAR administrations required to achieve an acceptable reliability estimate of 0.70 ranged from 4 to 16. Limiting our analysis to those subjects reporting both PARs as capturing "typical" weeks resulted in only modest improvements in reliability, and in some instances, reliability was reduced. The potential impact of a truncated sample, as described here, should be taken into account when evaluating the reliability of the PAR (as well as similar measures), particularly in scenarios where the instrument is used to "screen out" subjects based on activity level.
Our 24-month data included more variability in scores because the sample was comprised of both control and intervention arm subjects. As a consequence, reliability was improved and the number of PAR administrations required to achieve a reliability of 0.70 was generally reduced, ranging from one to three, depending on the subgroup of interest. When evaluated in the context of other studies with similar sample characteristics and retest intervals, results from our 24-month data compare favorably, as shown in Table 5 . To our knowledge, Singh et al. 16 provide the only information to date on PAR reliability in African Americans. In their evaluation of 7th Day Adventists, they reported 6-wk Pearson correlations of 0.64 and 0.78 in women and men, respectively. Their analysis was restricted to those who reported no change in their activity between repeat PARs. These values are similar to those of the present study where an ICC of 0.67 was found among African Americans reporting both PARs as representative of "typical" activity. In general, Pearson correlations could be expected to be higher than the ICCs computed for the present study. The ICCs reported here refl ect all sources of variance in a measure and are an indication of absolute agreement, whereas the Pearson refl ects variance of two measures only in terms of their linear relationship. 30 We found energy expenditure reliability to be higher in women compared to men in our 24-month cohort. This could have been due to the fact that the men in this sample were less reliable reporters of their activity or were more variable in their actual energy expenditures. To investigate the latter possibility, we explored factors that could contribute to increased variability in activity from one week to the next. For example, men belonged to households that consisted of an average of 3 ± 1 members, whereas women reported an average of 2 ± 1 household members. It is possible that with more household members, the likelihood of more variable activity patterns is increased. Furthermore, when analyzing the group overall, we found that 64 men, compared to 51 women, reported that during one of the two assessed weeks they were "more active" than usual. In contrast to our fi ndings of greater reliability in women, Sallis et al. 1 reported lower 2-wk Pearson correlations for women compared to men and an overall correlation of 0.34. The analytic sample of the present study was, on average, 10 y older than those studied by Sallis et al. 1 We did fi nd lower reliability among the younger subjects (35-45 y), compared with older subjects. Again, this may have been due to greater within-subject variability in physical activity for this subgroup. Those age 35-45 y reported the highest number of household members relative to the other age groups evaluated. In addition, more subjects age 35-45 y reported one of the two assessed weeks as being "more active" than usual, compared to the older age groups. Thus, the somewhat younger sample evaluated by Sallis et al. may have included more individuals of an age group likely to have greater variability in activity level from week to week, with women displaying that to a greater extent than the men in that sample.
In summary, this study highlights the infl uence of sample variability with regard to estimated reliability of an instrument. Using a one-way ANOVA model we calculated ICCs that represented the expected reliability for energy expenditure from a single PAR interview. It should be noted that this reliability coeffi cient is infl uenced by measurement error associated with the PAR itself as well as true variability in physical activity behavior. Our results also suggest that, in contrast to the single PAR administration typically undertaken in most studies, repeat PAR administrations are likely necessary to achieve an acceptable reliability level. Of note, few differences were found between African Americans and whites with respect to these reliability estimates.
Our fi ndings contribute to the physical activity assessment literature by providing reliability estimates for a diverse group of adults, with regard to age, gender, and race. Instrument reliability on a wide range of populations should prove useful, given the impact that reliability has in determining the likelihood of detecting meaningful changes in response to physical activity interventions.
